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4) Summary of the Final Report of Research Results

The main part of utilizing GOSAT data was aimed towards regional-scale modelling of CO2
concentrations and CO2 fluxes. Most of the activities in the field of anthropogenic emissions
typically addresses reporting and creation of annual inventories. We tried to complement this
approach by evaluating the role of regional-scale models as the tools that connect in high spatial and
temporal resolution atmospheric concentrations and surface fluxes.

We have set up a testing domain in Northern Alberta, Canada, which has only a few dominant
sources of GHG emissions but nevertheless it contains important industrial area of Athabasca oil
sands where monitoring, continuous evaluation of GHG inventory, and modelling of the impact of
potential future changes is advisable. The modelling system consists of the numerical weather model,
chemical transport model (although atmospheric chemistry is not of the real concern in case of CO2,
CTM model is used here mainly for its dispersion part), and model of both biogenic and
anthropogenic fluxes.

The results showed fairly good agreement of biogenic surface fluxes and also acceptable agreement
of the CO2 concentrations during the daytime. Nighttime peaks in concentrations which are not
correctly captured by a model can be attributed to incorrectly modelled turbulent mixing and we
have introduced the method of statistical postprocessing of the model to amend this behaviour.



After the verification of the modelling system for CO2 fluxes and concentration on regional scale
versus in-situ flux tower measurements we proceeded with the verification of modelling system
versus GOSAT observations. We have compared the two types of quantities related to CO2
concentrations provided by GOSAT project. The first variable is the total column of CO2, a vertical
sum of CO2 at the point of measurement. The second is the column-averaged molar fraction of CO2
(XCO2), computed as the total column of CO2 divided by the total column of dry air. Dry air
columns are based on the operational analysis data provided by the Japan Meteorological Agency
(IMA).

In order to compare the GOSAT observations with the simulation results, CO2 total columns are
calculated from the model output by summing over all vertical levels. The dry air columns are
computed in similar fashion. The XCO2 is a simple ratio of those two quantities. The dry air
columns assumed in GOSAT data are not available directly, but can be derived simply as the ratio of
CO2 column and XCO2, provided by GOSAT.

The comparisons of model versus GOSAT observations shows in general high correlation of the
model and observations. To get unbiased model results for both CO2 and dry air columns we had to
add a compensation for the fact that the model has limited vertical height up to 100 hPa meaning that
about top 10% of the atmosphere mass is not represented by the model. After this correction, the
value of mean percentage error changed from -10.4% to -0.482% for the CO2 columns, and from
-10.9% to -0.17% for the dry air columns. However, even after the correction, the XCO2 values
show much higher variance for observed values by GOSAT compared to modelled values.

We hypothesize that the difference between model and GOSAT data is caused by the fact that the
XCO2 in the model is computed by dividing a modeled CO2 column by a modeled dry air column
which are highly correlated (because CO2 is well mixed in higher layers of the atmosphere), as are
errors in CO2 and dry air quantities. Most of the error in both CO2 and dry air quantities is not due
to the incorrect concentration of CO2, as that is almost constant, especially in higher layers of the
model. Rather, an incorrect distribution of air mass is likely to contribute significantly to the errors.
It affects both the CO2 column and the dry air column proportionally. As a result, division of the two
quantities leads to a reduction in the overall variance. The results obtained by the WRF-VPRM in
this study comply with a study of XCO2 distribution by Olsen and Randerson (2004).

In the case of GOSAT, the CO2 columns are observed, but the dry air columns originate from the
meteorological model. Errors in those two quantities can therefore be considered uncorrelated
(although some hidden correlation is still possible due to the retrieval algorithms, which often use a
number of model-derived atmospheric variables). The error in the distribution of air mass is thus
amplified: the CO2 column based on a real air mass distribution is divided by a dry air column based



on a modeled air mass distribution. Division in this case causes further nonlinear propagation of
errors and larger overall variance.

Apart from regional-scale CO2 modelling, the GOSAT project data are directly or indirectly used in
other activities. One of the uses is for the general spatial and spatio-temporal analysis methods — the
testing and development of the methods as well as for educational purposes — the GOSAT data play
part in promoting science among high-school and university students and in teaching basic
approaches for scientific datasets processing, analysis and visualization. Analysis of GOSAT data
was for example one of the university student projects during international student summer school
“Schola ludus”.

Another activity which is partly inspired by GOSAT project is the ongoing investigation and
modelling of atmposphere/ocean CO2 fluxes. Although the GOSAT data have not be utilized yet, we
envision the verification using all available satellite data including the GOSAT in the next stages of
the research.
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